Polyunsaturated
lipids are autoxidized by oxygen to yield autoxidation products during the preservation and preparation of foodstuffs. The autoxidation products deleteriously affect biologically significant substances: destruction of nucleic acids,1} inactivation of enzymes,2) denaturation of proteins,3A) and so on. Endogenous lipid peroxides have been implicated in serious diseases and senescence in animals.5~9) It is very interesting, therefore, to determine whether the autoxidation products are toxic to animals whenthey are given orally.
Hydroperoxides are the first products in the autoxidation of unsaturated fatty acids such as linoleic acid. When linoleic acid hydroperoxides are administered orally, almost all of them are easily decomposed10~12) or reduced to nontoxic substances such as hydroxy linoleic acid13'14) in the alimentary canal and then absorbed into the body. Secondary products are the further autoxidized products of hydroperoxides15) and a complex mixture of various oxidized compounds.16) When secondary products are administered orally to rats, 55%of them is incorporated into the body and 45%is excreted via the feces. A part of the administered secondary products (25%) is excreted via the urine, 12.5% via respiratory carbon dioxide and 2.6% gets accumulated in the liver 12~24hr after the administration. 17) Therefore, the toxicity of secondary products is of concern and has been investigated.18~22) The secondary products whenthey are administered orally induce endogenous lipid peroxidation and impair the hepatic functions.17) We21) and Oarada et al.22) reported that the incorporated secondary products are detoxified and then metabolized into lipids in the liver. It is predicted, therefore, that the administration of secondary products mayaffect the lipid metabolism in the liver. In the present study, the incorporation of glucose and acetic acid into fatty acids in the secondary productsadministered group was comparedto that in the control groups. The levels of NADPHin the liver were also compared, since the level of NADPH is very closely associated with lipid
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metabolism.
MATERIALS AND METHODS
Secondary autoxidation products oflinoleic acid. Linoleic acid (Tokyo Kasei Kogyo Co., Ltd.) was autoxidized in air at 37°C for 7 days. The autoxidized linoleic acid was subjected to silica gel column and thin layer chromatographies for the separation of the secondary products fraction.23) The secondary products fraction was analyzed by gas chromatography-mass spectrometry and Sephadex One group intragastrically received 400 mg/rat of a saline solution (0.9% NaCl) using a tuberculin syringe connected to a stomach tube, and an other group received 250 mg/rat of linoleic acid. These groups were used as controls. The third group received 400mg/rat of secondary products. No difference in body weight gain was detected amongthe rats in these groups. Abnormalities such as hemorrhageor necrosis were not observed macroscopically in their organs and tissues. The rats were exsanguinated for the following analyses 15 hr after these administrations.
Measurement ofde novo synthesis offatty acids. All the rats were given intraperitoneal injections of 74 KBq each of [3H] sodium acetate and [U-14C] glucose (New England Nuclear, Boston) in 0.5ml saline solution. Ten min after the injection of radioactive materials the liver was removed and 0.5g of it was saponified in 10ml of 10% KOH in 95% methanol at 95°C for 3hr. The reaction mixture was mixed with 8ml water,.washed with 10ml petroleum ether 3 times and then acidified with 6n HC1. Fatty acids present in the reaction mixture were extracted with 10ml petroleum ether 3 times. The petroleum ether was evaporated off and the fatty acids were dissolved again in a scintillation cocktail. Radioactivity was measured with a liquid scintillation counter.
Determination of NADP(H) and NAD(H) levels in the liver. Another three groups of rats were used for measurements of NADP(H) and NAD(H) levels in the liver. The rats were knocked unconscious by a blow on the head, decapitated and opened, and then the liver was immediately freeze-clamped following the procedures of Williamson et al.2A) The liver was frozen in situ with lead blocks precooled in liquid nitrogen. The frozen liver was pulverized, with the frequent addition of liquid nitrogen. One gram of the powder obtained was submitted to extraction with 4ml of cold 9% perchloric acid for determination of the NADPand NADlevels, and another 1 gwas submitted to extraction with 10ml of0.5N KOHin ethanol for assaying of the. NADPH and NADHlevels. The amounts of NADP(H) and NAD(H)in these extracts were determined enzymatically. 25) Measurement of enzymatic activities. The liver of the above three groups was also homogenized with 10 volumes of 1.15% KC1. Each homogenate was centrifuged at 105,000 xg for 1 hr and the supernatant was used for the enzyme activity determinations. The supernatants were mixed with the respective substrates, as below, and then the absorbance of NADPH or NADH at 340nm was measured. The enzymeactivities were calculated from the changes in absorbance. L-malate, D,L-isocitrate, glucose-6-phosphate, 6-phosphogluconate, nicotinamide and NAD were added to the supernatants for determination of the activities of malate dehydrogenase (EC 1. Statistical analysis. The data were analyzed statistically to calculate the SEM and the probability level using Student's t test method.
RESULTS
The de novo synthesis of fatty acids in the liver was measured as the incorporation of radioactivity after intraperitoneal injection of radioactive acetic acid and glucose (Table I ).
The incorporated amount of both acetic acid and glucose'into fatty acids was 60% lower in the linoleic acid group than in the saline group. Values are means+ SEM. a Significant difference from the saline group. b Significant difference from the linoleic acid group.
The ratio of the incorporated radioactivity (3H/14C), i.e., the ratio of the incorporated amounts of acetic acid and glucose, was 6.76 in the linoleic acid group. This value was similar to that in the saline group (6.63). In the secondary products group, the incorporation of acetic acid and glucose decreased to 54%
and 43%, respectively, as compared with in the saline group. The ratio of the incorporated radioactivity (8.44) was significantly different from the ratio of that in the saline and linoleic acid groups. Thus, the administration of secondary products reduced the de novosynthesis of fatty acids in the liver. The decrease in the synthesis when glucose was the substrate was greater than when acetic acid was the substrate. Tables II and III show the levels of 
NADP(H) and NAD(H) in the liver. No dif-
ferences in the levels of NADP(H) and NAD(H) were observed between the saline and linoleic acid groups. On the contrary, the amount ofNADPHdecreased by 40% and the amount of NADPincreased by 30% in the secondary products group, as comparedwith in the control groups. Also, the NADPH/ NADP ratio in the secondary products group (1.46) was significantly lower than that in the control groups (3.46 and 3.34). The amount of NAD(H) in the secondary products group was similar to those in the control groups. No significant difference in the NADH/NAD ratio was observed between the secondary products and control groups. Thus, the amount of NADPH decreased on the administration of secondary products, but the amount of NADHdid not.
The enzymatic activities of the NADPHsupplemental system were measured (Table   IV) . The activities of glucose-6-phosphate dehydrogenase and phosphogluconate dehydrogenase in the secondary products group were decreased significantly, by 15%, as compared to the activities in the control groups. No differences in the activities of malate dehydrogenase and isocitrate dehydrogenase were observed between the secondary products and control groups. Thus, the activity of the pentose phosphate cycle was reduced in the secondary products group.
The total amounts of NADPH and NADP in the secondary products group (0.543 /miol/g Values are means+SEM. a Significant difference from the saline group. b Significant difference from the linoleic acid group.
liver, see Table II) were also lower than the amounts in the control groups (0.767 and 0.712). Then, the activities of NAD-related enzymes were measured (Table V) . The activity of NAD+synthetase, which produces NAD,decreased markedly in the secondary products group. The activity ofNAD+ kinase, which produces NADPfrom NAD,was also half that in the control groups. On the contrary, the activity of NAD+ nucleosidase, which decomposes NAD,increased in the secondary products group. Thus, the supply of NADPH also decreased in the secondary products group.
DISCUSSION
The administration of linoleic acid decreased the de novo synthesis of fatty acids in the liver as well as the administration of its secondary autoxidation products (Table I ).
The decrease in the synthesis whenglucose was the substrate in the linoleic acid group was exactly the sameas whenacetic acid was the substrate. Thus, in the linoleic acid group, both pathways for fatty acid synthesis, in which the starting substrate was acetic acid and glucose, respectively, decreased simultaneously. Lipogenesis is generally known to be suppressed by the intake of fatty acids such as linoleic acid, since fatty acids produce longchain acyl-CoA, which is an inhibitor of acetyl-CoA carboxylase. The effect of secondary products on the lipogenic activity in the liver was apparently different from that of linoleic acid. Therefore, it is also important to determine the way in which the secondary products affect hepatic lipogenesis. more active in the rat body than the latter.36'37) Although the NADPH/NADP ratio markedly decreased on the administration of secondary products (Table II) , the activities of the former two enzymes were significantly decreased (Table IV) NADPH was not sufficiently supplied in the secondary products group. The total amount of NADPH plus NADP also decreased in the secondary products group (Table II) . The decrease in the amount of NADP(H) can also be attributed to the changes in the activities of NAD+ synthetase, kinase and nucleosidase (Table V) . On the basis of these results, it was concluded that the decrease in lipogenesis in the secondary products group was caused by the depletion of NADPH. The depletion of NADPHwas due to the decrease in the enzyme activities for the production of NADPH, but nicotinamide adenine nucleotides were not directly attacked by the incorporated secondary products, because the amounts of NADH and NAD in the secondary products group remained unchanged, compared with in the control groups (Table  III) .
Someunsolved problems remain, for example, in what way did these enzyme activities changed in the liver with the oral administration of secondary products. The activity of fatty acid synthesis when glucose was the substrate was significantly lower than when acetic acid was the substrate (Table I ). This result suggests that the carbohydrate metabolic system in the liver is affected by the administration of secondary products, but glucose-6-phosphate dehydrogenase and phosphogluconate dehydrogenase are not directly inactivated by the incorporated secondary products.
